2D NMR investigation of the binding of the anticancer drug actinomycin D to duplexed dATGCGCAT: conformational features of the unique 2:1 adduct.
One- and two-dimensional NMR studies on the oligomer dA1T2G3C4G5C6A7T8, with and without actinomycin D (ActD), were conducted. Analysis of the NMR data, particularly 2D NOE intensities, revealed that the free oligonucleotide is a duplex in a standard right-handed B form. At the ratio of 1 ActD/duplex (R = 1), 1D NMR studies indicate that two 1:1 unsymmetric complexes form in unequal proportions with the phenoxazone ring intercalated at a GpC site, in agreement with previous studies [Scott, E.V., Jones, R.L., Banville, D.L., Zon, G., Marzilli, L.G., & Wilson, W.D. (1988) Biochemistry 27, 915-923]. The 2D COSY data also confirm this interpretation since eight cytosine H6 to H5 and two ActD H8 to H7 cross-peaks are observed. At R = 2, both COSY and NOESY spectra confirm the formation of a unique 2:1 species with C2 symmetry. The oligomer remains in a right-handed duplex but undergoes extreme conformational changes both at and adjacent to the binding site. The deoxyribose conformation of T2, C4, and C6 shifts from primarily C2'-endo in the free duplex to an increased amount of C3'-endo in the 2:1 complex as revealed by the greater intensity of the base H6 to 3' NOE cross-peak relative to the intensity of the H6 to H2' NOE cross-peak. This conformational change widens the minor groove and should help alleviate the steric crowding of the ActD peptides. The orientation of the ActD molecules at R = 2 has the quinoid portion of the phenoxazone ring at the G3pC4 site and the benzenoid portion of the phenoxazone ring at the G5pC6 site on the basis of NOE cross-peaks from ActD H7 and H8 to G5H8 and C6H6. All base pairs retain Watson-Crick type H-bonding, unlike echinomycin complexes [e.g., Gao, X., & Patel, D.J. (1988) Biochemistry 27, 1744-1751] where Hoogsteen base pairs have been observed. In contrast to previous studies on ActD, we were able to distinguish the two peptide chains.(ABSTRACT TRUNCATED AT 400 WORDS)